We analyzed the relationships among parameters of left ventricular (LV) early diastolic filling flow (EDF) obtained with pulsed Doppler echocardiography, mean pulmonary wedge pressure (PCWP) and the time constant of LV pressure fall calculated by either Weiss' (Tw) or Thompson's (Tb) method. PCWP correlated with the peak velocity (R) (r=0.537, p<0.05), acceleration (Ac) (r=0.545, p<0.05) and deceleration (Dc) (r=0.606, p<0.01) of LVEDF. In contrast, Tb correlated only with the time to the peak of LVEDF (TPF) (r=0.487, p< 0.05), and Tw did not correlate with the Doppler-derived indices significantly. After correcting for the effect of PCWP, significant partial correlations between R and Tw (r=-0.535, p<0.05), and between Ac and both Tw (r=-0.606, p<0.01) and Tb (r=-0.569, p<0.05) were found. Dc did not correlate with Tw or Tb. These results suggest that the level of left atrial pressure may mask the relationship between parameters of LVEDF and LV relaxation, and that the relations among these variables vary with individual indices of LVEDF.
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METHODS

Subjects:
We analyzed 19 patients who had undergone diagnostic cardiac catheterization and angiography (Table I) . Informed consent was obtained from all the subjects and the protocol was approved by the Ethical Committee of the Hospital of the University of Tokyo. Patients with severe heart failure (New York Heart Association, grade 3 or 4) or with significant valvular diseases were excluded from this study. All patients showed normal sinus rhythm at the time of study.
Cardiac catheterization: Left and right heart catheterization was performed by the femoral approach. A 7 French catheter-tip micromanometer (PC370, Millar Inc., Houston, Texas) was inserted into the left ventricle and a 7 French balloontipped thermodilution catheter (Gould Inc., Cleveland, Ohio) was advanced into the peripheral pulmonary artery.
The balloon-tipped catheter was connected to a Statham P23 D transducer (Gould Inc.), which was calibrated against a mercury reference.
Zero level was determined as 5cm below the anterior axillar line and frequently checked. The micromanometer was also calibrated against a mercury reference.
Both the left ventricular and pulmonary capillary wedge pressures were recorded simultaneously on a thermal array recorder at a paper speed of 100mm/sec. Signals were also recorded on a FM magnetic tape recorder (Sony Magnescale Inc., Tokyo).
Pressure signals on the magnetic tapes were digitized at 5 msec intervals, and left ventricular peak systolic and end-diastolic pressures and the time constant of left ventricular isovolumic pressure fall were calculated with a personal computer system (Packet IIe, Anritsu Ltd., Tokyo).
We calculated the time constant by both Weiss'10) and Thompson's11) methods. Fitting was done from the time of left ventricular peak negative dp/dt to the time when the left ventricular pressure reached a level 5mmHg above the succeeding left ventricular end-diastolic pressure. Correlation coefficients of fit were more than 0.99 by both methods in all subjects. The average values of at least 5 successive beats were used for the following analyses.
As an index of left atrial pressure, we measured mean pulmonary capillary wedge pressure.
Doppler echocardiography: Doppler echocardiography was performed within 24 hours before or after the cardiac catheterization. No patients showed significant changes in clinical conditions during this period.
A color flow mapping echocardiograph (SSD 880, Aloka Ltd., Tokyo) was used. The ultrasonic frequency was 2.5MHz and the pulse repetition rate was 2KHz.
A long-axis view of the left ventricle was imaged by the apical approach , and the sample volume was placed in the center of the mitral annulus during diastole. The detected Doppler signals were analyzed by a spectral analyzer based on the fast Fourier transform, and were recorded on a strip chart re-Jpn. Heart J. May 1990 corder (SSZ 95, Aloka Ltd.) at a paper speed of 50mm/sec. The recordings were done while the breath was held at end-expiration.
The following indices were measured as shown in Fig. 1 : peak velocity (R), acceleration (Ac) and deceleration (Dc) of left ventricular early diastolic filling flow, the time interval from the aortic component of the second heart sound to the peak of early diastolic filling flow (TPF). The peak velocity was measured at the mid-point of the Doppler spectrum. The acceleration or deceleration was determined as the slope of the straight line drawn from the peak of the early filling flow to the half point of the peak on the upward or downward side of the Doppler signal, respectively.2) The velocity was calculated from the frequency shift by the Doppler equation .2) Average values of at least 5 successive beats were used also in analyzing Doppler-derived indices. Doppler data were analyzed by an observer who was blind to the hemodynamic data.
Statistical analysis: First, we calculated simple correlation coefficients among the hemodynamic variables and Doppler-derived indices. Partial correlation coefficients between the indices of left ventricular early filling flow and the time constant of left ventricular isovolumic pressure fall or pulmonary capillary wedge pressure were then calculated.
Statistical analyses were performed with a statistical program for a personal computer system (Multivariate analysis pack, Maruzen Ltd., Tokyo). Significance was accepted at the 0.05 level.
RESULTS
Clinical data and hemodynamic and Doppler-derived parameters of the subjects are summarized in Table I .
Simple correlation coefficients among hemodynamic indices (Table II) : There were significant correlations between the time constant of left ventricular pressure fall calculated by Weiss' method (Tw) and both left ventricular end-diastolic pressure (r=0.712, p<0.01) and mean pulmonary capillary wedge pressure (r=0.820, p<0.01) in the subjects of the present study. However, no significant correlations were demonstrated between the time constant calculated by Thompson's method (Tb) and left ventricular end-diastolic or pulmonary capillary wedge pressure.
Simple correlation coefficients between hemodynamic and Doppler-derived indices (Table III) : There were significant correlations between mean pulmonary capillary wedge pressure and the peak velocity (R) (r=0.537, p<0.05), acceleration Jpn. Heart J. May 1990 Table  I . Partial correlation coefficients between hemodynamic and Doppler-derived indices (Table IV) : Significant partial correlations were found between Tw and R (r= -0.535, p<0.05), Ac (r=-0.606, p<0.01) and TPF (r=0.514, p<0.05) when pulmonary capillary wedge pressure was assumed to be constant (Table  IV-a) . There were also significant partial correlations between Tb and both Ac (r=-0.569, p<0.05) and TPF (r=0.529, p<0.05) under the assumption of constant pulmonary wedge pressure (Table IV- 
DISCUSSION
We demonstrated that the level of mean pulmonary capillary wedge pressure, which was used as a substitute for left atrial pressure, influenced the relationship between the time constant of left ventricular pressure fall and Doppler-derived indices of left ventricular early diastolic filling flow in chronic stable patients. We also found that the relations between hemodynamic and Doppler-derived indices varied with each variable concerned.
Comparison of the previous and present studies:
The previous clinical studies1)-3) failed to demonstrate significant correlations between left ventricular filling pressure and parameters of left ventricular early diastolic filling in chronic patients.
Since left ventricular diastolic filling is a multifactorial process, results of studies may vary with the methods used or the subjects selected. Fioretti et al1) used contrast ventriculography and Magorien et al3) used radionuclide ventriculography. These two studies in which they calculated only univariate correlation coefficients may not be appropriate in analyzing a multifactorial process.
A study of Tanouchi et al2) had a similar design to ours . They used Doppler echocardiography and calculated partial correlation coefficients . Thus, differences between the results of their study and ours would be attributable mainly to differences in the patient selection . They studied the subjects with a more severe and wider spectrum of relaxation abnormalities .
Comparison of effects of hemodynamic indices on various Doppler-derived indices:
In this study, partial correlation analysis disclosed that the peak velocity and acceleration of left ventricular early diastolic filling flow were influenced by both mean pulmonary capillary wedge pressure and the time constant of left ventricular pressure fall (Table IV) . However, the deceleration of early diastolic filling flow was mainly determined by pulmonary capillary wedge pressure.
From the fluid dynamic point of view, the driving force of left ventricular diastolic filling flow is the atrioventricular pressure difference.7),12) Left atrial pressure represents the upstream pressure, and the rate of relaxation is an important determinant of left ventricular, that is, the downstream pressure, since the process of left ventricular relaxation can be assumed to continue after mitral valve opening.13) Since the influence of the relaxation process may diminish as time passes in diastole, we were able to find significant relations only between the time constant of pressure fall and the indices of the early rapid filling phase, such as the acceleration and peak velocity.
Deceleration of early diastolic filling flow has been suggested to be caused by atrioventricular pressure gradient reversal during early diastole.14) This reversal was shown to be related to left atrial pressure, left ventricular chamber stiffness and mitral valve resistance in an experimental and computer simulation study, 14) indicating that deceleration may increase with increases in these hemodynamic variables. Mean pulmonary capillary wedge pressure reflects not only left atrial pressure, but left ventricular passive properties, thereby explaining the significant correlation between deceleration of early filling flow and pulmonary wedge pressure.
Time to peak filling (TPF) is the only index that showed a significant simple correlation with Tb, and did not correlate with pulmonary capillary wedge pressure. This unique nature of TPF was stressed also by Ishida et al.7) Recently, a computer simulation study15) showed that slow relaxation delayed the peak of early filling, since the peak of atrioventricular pressure difference occurred later.
Other investigators have used different indices for assessing the timing of early filling, such as the time from peak negative dp/dt to the end of the rapid filling phase16) or the time from the beginning to the peak of early diastolic filling flow.9) We felt, however, that it was difficult to determine the beginning or end of early diastolic filling flow precisely on the Doppler spectrum.
Comparison of the methods for calculation of the time constant of left ventricular pressure fall: There are several different methods for calculating the "monoexponential" time constant of left ventricular pressure decline.10),11),17)-19) However, there has been no study comparing time constants calculated with different methods in the light of the effects on early diastolic filling dynamics. In this study, the simple correlation coefficient between Tw and either R or Ac was positive although not significant, contrary to our expectation. In contrast, Tb showed a negative low correlation with R or Ac as expected. After correcting for the effect of pulmonary capillary wedge pressure, partial correlation between Tw and either R or Ac were not overly different from those between Tb and these indices.
These results suggest that as far as the effects on early diastolic filling dynamics are concerned, Tb is equivalent to Tw after being corrected for the level of left ventricular filling pressure.
Limitations of the study: Some technical problems should be considered in this study. First, we used mean pulmonary capillary wedge pressure as a substitute for left atrial pressure. Although ideally we should have measured a phasic left atrial pressure, we thought that a transseptal catheter technique was too invasive for this study.
Second, we did not record hemodynamic and Doppler-derived indices simultaneously. To investigate the instantaneous filling dynamics, we should have measured these variables at the same time. However, a considerable number of clinical studies have been conducted to evaluate the chronic status of diastolic properties of patients rather than to determine the instantaneous hemodynamics.
For this purpose, our study will provide useful information.
Clinical implication:
From the results of this study, we recommend that one should take the level of left atrial pressure into consideration when using some indices of left ventricular early diastolic filling as parameters of left ventricular relaxation in the chronic setting. Since correlation coefficients between the indices of filling and the time constant of relaxation were still low even with the assumption of constant filling pressure, one should pay attention to factors other than these two in chronic patients.
